Reduction of stress is an important factor in improving poultry welfare, especially during periods of heat stress. A study was conducted to evaluate the effects of feeding the functional metabolites of Diamond V Original XPC TM to broilers reared under ambient or heat stress temperatures. Dietary treatments included: control feed (CON) and Original XPC fed continuously at 1.25 kg/MT (XPC). Half the birds in each dietary treatment were subjected to either no heat stress (24
INTRODUCTION
As the broiler industry strives to provide the most efficient and highest-quality meat products to consumer markets, special attention has been given to stocking density. The average floor space in North America for commercial broilers is around 0.07 m 2 /bird (NCC, 2015) . While commercial production environments are designed to provide adequate air flow, humidity, access to feed/water, and constant temperature of around 26
• C (Aviagen, 2014) , episodic conditions may still be considered as stressful to birds. The modern consumer has become increasingly conscious of the perceived plight of food production animals in confinement and a market category has begun to focus on even more humane treatment of these animals.
There is an opportunity to focus on food and water ingestion as a key area for controlling stress. One goal in producing food animals is to increase their average daily gain (ADG) to meet market demands, making ingestion of quality feed paramount. Selection for C 2017 Poultry Science Association Inc. Received June 19, 2017 . Accepted November 16, 2017 Corresponding author: gsarcher@poultry.tamu.edu fast-growing, high-yielding broilers has been shown to have detrimental effects on the ability of a bird to cope with heat stress (Berrong and Washburn, 1998; Tan et al., 2010; Soleimani et al., 2011) . Syafwan et al. (2011) showed that heat stress in commercial broiler strains can lead to cellular oxidative stress, which increases susceptibility to infectious diseases. However, the fact that broilers ingest a large amount of feed and water allows for the addition of stress-reducing agents to that feed and water.
Previous studies have shown that functional metabolites of Diamond V Original XPC TM (DiamondV Mills, Cedar Rapids, IA) can help balance the immune response and stress hormone levels in production poultry (Firman et al., 2013) . Gao et al. (2008 Gao et al. ( , 2009 showed increased secretory IgA and intestinal IgM in birds fed Original XPC, and Al-Mansour et al. (2011) showed that Original XPC significantly decreased heterophil/lymphocyte (H/L) ratios in broilers. Original XPC has also shown to have a positive impact on weight gain, feed conversion, and mortality in broilers (Gao et al., 2008 (Gao et al., , 2009 , even in broilers that were challenged with ingestion of used litter during a heat-stress period (Teeter, 1993) . A new study was undertaken to measure the effects of stress on broilers fed Original XPC 855 during long-term heat stress and non-heat stress. It is hypothesized that supplementing broiler feed with Original XPC will decrease the stress susceptibility of the broilers subjected to heat stress or routine management stressors during rearing.
MATERIALS AND METHODS

Animals and Husbandry
A total of 320 Ross 708 broilers were used in this experiment. Birds were equally housed at 20 birds per pen across a total of 16 pens (0.91 m × 2.74 m). Birds were randomly assigned to each pen; however, initial pen weights were equalized. Each pen was lined with clean pine shavings and constructed of solid black plastic on all but the front side, which was made of mesh wire. Each pen was equipped with one bell feeder and nipple drinking system. A 2 × 2 factorial design was used in this experiment in which pens were assigned at random to one of 2 dietary treatments: control diet (CON) or control diet with 1.25 kg/MT of Original XPC (DiamondV Mills, Cedar Rapids, IA) added (XPC) and one of 22 environmental treatments (heat stress or nonheat stress). Table 1 describes the experimental design. Half of the birds were subjected to 2 wk of heat stress (35
• C for at least 18 h daily and the remaining 6 h at 24
• C to allow for feeding) between 28 and 42 d of age. Dietary treatments were equally represented between rooms that were environmentally controlled. Each room was equipped with fluorescent lighting, oscillating fans for additional airflow, and a single-pass central ventilation system equipped with high-efficiency particulate air (HEPA) filters per U.S. Department of Agriculture (USDA) Biosecurity Level 2 protocols. Birds were fed a 3-phase diet consisting of a starter (D 0-14, crumble), grower (d 14 to 28, pellet), and finisher (d 28 to 42, pellet) presented in Table 2 . Birds were allowed ad libitum access to feed and water. A photoperiod of 24L:0D was maintained to 10 d of age and then reduced to 20L:4D for the remainder of the study. The birds were managed according to the guidelines set forth in the Guide for the Care and Use of Agricultural Animals in Research and Teaching (FASS, 2010) and all procedures were approved by the USDA-ARS animal care committee (ACUC #2,015,005). 
Stress Analysis
On D 40 to 42, blood samples were collected from 10 birds per pen. The area around the jugular vein was sanitized with 70% alcohol, and in preparation, the inside of a 10 mL syringe was lined with a small amount Table 3 . Percentage of white blood cell populations and total white blood cell count (mean ± SE) for commercial broilers fed a diet with and without Diamond V Original XPC TM and exposed to either a non-heat stress or a heat stress environment. of heparin. Between 2 to 3 mL of blood was collected from each bird, and a drop was used to prepare a bloodsmear slide. The remaining blood was injected into a vacutainer (BD 368,056, BD, Franklin Lakes, NJ). Vacutainers were temporarily stored in an ice bath prior to transport to the lab for further processing. Once all samples were collected, the vacutainers were spun down in a Beckman GS-6R centrifuge (Beckman Coulter, Brea, CA) for 15 min at 4,000 rpm to separate the cells from the plasma. The plasma was drawn into 2 mL micro-centrifuge tubes and stored at -19
• C until further analysis. The blood-smear slides were stained using a hematology staining kit (Cat# 25,034, Polysciences Inc., Warrington, PA), then air-dried.
Plasma corticosterone concentrations were measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Enzo Life Sciences, ADI-901-097, Farmingdale, NY). Plasma HSP70 concentrations were measured using a commercially available ELISA kit (Enzo Life Sciences, EKS-715, Farmingdale, NY). Inter and Intra assay %CV were less than 5%.
White blood cell differentials were measured by taking the blood smear slides and observing them under 1,000× magnification (10× eyepiece, 100× oil emersion lens) using an Omax DCE-2 microscope (Kent, WA). H/L ratio were measured by taking an area of the slide that had moderate cell density (no overlapping cells) and counting cells under 1,000× magnification, and the numbers of both heterophils and lymphocytes were counted until the total observed number reaches 100 (Campo et al., 2008) . A keystroke counter was used to accurately keep track of the number of cells observed.
Physical asymmetry was measured on 8 birds per pen, following the protocol outlined in Archer and Mench (2013) . Using a calibrated Craftsman IP54 Digital Caliper (Sears Holdings, Hoffman Estates, IL), the middle toe length, metatarsal length, and metatarsal width were measured for both the right and left legs. The composite asymmetry score was calculated by taking the sum of the absolute value of left minus right of each trait, then dividing by the total number of traits. Thus, the formula for this trial would be (|L-R|MTL+|L-R|ML+|L-R|MW)/3 = composite asymmetry score.
Statistical Analysis
Stress measures were all analyzed using the GLM procedure in Minitab 17.1.0. The model tested for the effects of diet (CON and XPC), environment (heat stress and non-heat stress) and the 2-way interaction between diet and environment. Significant differences were considered at P < 0.05. Mean separation was performed using the Least Significant Difference (LSD) post hoc procedure.
RESULTS
White blood cell populations and total WBC count are presented in Table 3 . No significant 2-way interactions between diet and environment were observed for these measured parameters. The application of a heat stress did not have a significant effect on heterophil or eosinophil populations. However, heat stress did significantly decrease (P = 0.002) lymphocyte populations (51.2 ± 1.6 vs. 58.4 ± 1.7, respectively) compared to no heat stress. No significant diet effects were observed between CON and XPC birds for monocyte, eosinophil or basophil populations. XPC significantly reduced (P = 0.004) heterophil populations compared to CON (30.1 ± 1.6 vs. 36.1 ± 1.4, respectively) while significantly increasing (P = 0.02) lymphocyte populations (57.5 ± 1.7 vs. 52.0 ± 1.6, respectively). Total WBC counts were also significantly decreased (P = 0.05) for XPC compared to CON (32, 417 ± 1, 304 vs. 36, 235 ± 1, 402, respectively) .
Heat stress significantly increased both monocyte (P < 0.0001; 8.1 ± 0.7 vs. 4.4 ± 0.4, respectively) and basophil (P = 0.05; 3.9 ± 0.3 vs. 3.0 ± 0.3, respectively) populations compared to no heat stress. Heat stress did not significantly change total WBC count.
Heterophil/lymphoctye ratio, plasma corticosterone concentration, composite asymmetry score, and plasma HSP 70 concentration are presented in Table 4 . No Table 4 . Heterophil/lymphocyte ratio, plasma corticosterone concentration (pg/mL), composite asymmetry score, and plasma heatshock protein 70 (pg/mL) for commercial broilers fed a diet with and without Diamond V Original XPC TM and exposed to either a non-heat stress or a heat stress environment. significant 2-way interactions between diet and environment were observed for these measured parameters.
The application of the heat stress also resulted in significantly greater (P = 0.02) H/L ratios (heat stress, 0.80 ± 0.06 vs. no heat stress, 0.63 ± 0.05). The H/L ratio was significantly greater (P = 0.01) in the CON birds (0.81 ± 0.05) when compared to those fed XPC (0.62 ± 0.05).
Heat stress significantly increased (P < 0.0001) plasma corticosterone concentration (8456 ± 846 vs. 5105 ± 444, respectively) compared to no heat stress. No significant effects of heat stress were observed on composite asymmetry score; however, heat stress did significantly increase the plasma HSP70 concentrations compared to no heat stress (P < 0.0001, heat stress, 5.62 ± 0.17 pg/mL vs. no heat stress, 4.75 ± 0.14 pg/mL). XPC fed birds had a significantly lower stress response as indicated by both plasma corticosterone concentrations (P < 0.0001; 5129 ± 617 vs. 8433 ± 730, respectively) and composite physical asymmetry scores (P < 0.0001; 0.54 ± 0.03 vs. 1.50 ± 0.09, respectively). No significant differences were observed between XPC and CON birds for HSP70 concentrations;
DISCUSSION
To determine the impact of XPC as an effective dietary additive to help mitigate stress in broilers, it was first necessary to ensure that the model used did, in fact, elicit a stress response from the birds. The parameters measured in this study included: HSP70, CORT, H/L and composite asymmetry and are associated with stress in broilers, as well as bird welfare (Gross and Siegel, 1983; Zulkifli et al., 1999; Campo and Da'vila, 2000; Al-Aqil et al., 2009) . In this study, the expression of HSP70 measured in blood plasma as well as plasma corticosterone was increased in birds exposed to heat stress regardless of dietary treatment. Additionally, H/L ratios were also increased in birds exposed to heat stress regardless of dietary treatment. Increases in all of these targeted stress measurements illustrate that the heat stress model used in this study was perceived as a stress in the birds. Therefore, the model used provided an acceptable means to determine the potential use of XPC in reducing stress and improving animal welfare measures.
The inclusion of XPC in the treatment diet showed measurable effects on the stress parameters collected during this current study. The H/L ratios were decreased in XPC birds (at 1.25 kg/MT) in this current study. These data agree with the report by Al-Mansour et al. (2011) where reduced H/L ratios were observed after feeding XPC to broilers. Increased H/L ratios indicate increased stress in poultry (Gross and Siegel, 1983; McFarlane and Curtis, 1989 ) and these results indicate that feeding XPC decreased the stress susceptibility of broilers either during heat stress or during normal rearing conditions. The total WBC population was also reduced by feeding XPC. This further indicates that XPC is playing a role in immune modulation, which has been demonstrated previously by Chou et al. (2017) , who observed supplementation with XPC resulted in improved immunocompetence.
Birds fed XPC also exhibited a significant reduction in plasma corticosterone in both heat stress and non-heat stress environments, an indication that feeding XPC can reduce stress susceptibility during times of heat stress or during normal rearing conditions. The reduction in corticosterone by feeding XPC is consistent with research in turkeys (Bartz et al., 2015 (Bartz et al., , 2016 which saw similar effects. While corticosterone was reduced by XPC treatment in this current study, HSP70 was not affected. Bensi et al. (1990) and Beutler and Cerami (1989) have shown that HSP70 can actually inhibit the expression of cytokines interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-α). XPC has been shown to up-regulate IL-1, IL-2, and TNF-α in gene extraction studies (Park, 2014) . This may further indicate the importance of HSP70 as a protective mechanism in environmental heat stress conditions, but further research is needed to identify the possible relationship between feeding XPC and HSP70 gene expression. It is possible as well that feeding XPC may also affect stress-related gene regulation, though this needs further investigation.
Composite asymmetry scoring was improved in birds fed XPC compared to CON; this was observed in both heat stress and non-heat stress environments. The reduction in composite asymmetry further indicates that feeding XPC can reduce stress susceptibility during heat stress or during normal rearing conditions, as asymmetry is an indicator of current stress levels (Kellner and Alford, 2003) . The reduction of stress susceptibility when faced with a heat stress or solely the stressors of production (growth, stocking density, etc.) demonstrates that XPC is having a substantial impact on the overall health and well-being. Further research is needed to determine better understand the mechanisms affecting not only the stress response, but also the immune system. The reduction in stress susceptibility observed in this current study and the immune modulation observed by (Chou et al., 2017) may be why others have observed increased growth and feed conversion (Gao et al., 2008 (Gao et al., , 2009 ) in birds feed XPC.
Overall, the inclusion of XPC in the diet of broiler chickens reduced stress susceptibility in all 3 independent evaluations in this study: H/L ratio, plasma corticosterone, and physical asymmetry, without changes to HSP70. The mechanism for stress reduction is unknown; it may be related to gene expression, as there is evidence that the immune system is modulated in this way by XPC consumption. These data, however, support the use of XPC as a useful management tool for improving the welfare of poultry during times of extreme stress, e.g., elevated temperatures, or the routine management stress associated with rearing.
